Five gram-positive bacterial strains were selected for absorption studies of human serum samples. Strain ARi (group A, M-type 1) and G148 (group G), with strong immunoglobulin G (IgG) binding capacities, and strain AW43 (group A, M-type 60), binding both IgAl and IgA2, were compared with Staphylococcus aureus Cowan I and with Staphylococcus epidernidis L603. Both AR1 and G148 were capable of completely absorbing out serum IgG. In contrast, S. aureus Cowan I left a fraction unabsorbed, as expected from its known lack of IgG3 binding. Strain AW43 absorbed out all serum IgA, using a 10-id bacterial pellet for 20 td of serum. Serum IgM levels were slightly reduced by S. aureus Cowan I absorption. On the basis of the experiments, a bacterial mixture was designed consisting of S. aureus Cowan I and group A streptococcus strains ARi and AW43, with absorption characteristics suitable for use in discriminating between early IgM and late IgG and IgA immune responses in routine serological work. A new type of bacteria-mammalian protein binding was discovered. Human serum albumin was completely absorbed out by strain G148 and to a lesser extent by strain AR1 and AW43. S. aureus Cowan I and S. epidermidis were negative. The binding capacity of G148 for albumin equalled that of Cowan I for-IgG. The binding pattern of albumin to the strains was different from those of IgG, IgA, IgM, fibrinogen, haptoglobin, or aggregated ,62-microglobulin and therefore seems to represent another type of bacterial-mammalian interaction with a specific albumin receptor on the surface of streptococci. (4-6, 8, 10, 13, 18,20,21, 25 A (14, 17, 35, 42, 43). In humans, the protein A-reactive fraction of IgA has been identified as the IgA2 subclass, and IgM2 has been proposed to designate the reactive fraction of IgM (17, 35, 42, 43 
Methods for separating long-standing immunoglobulin G (IgG) antibodies from IgM antibodies indicating a recent infection are of importance in many serological investigations. A new principle for such a discrimination suitable for routine use has been presented earlier (1) . Heat-and formaldehyde-stabilized Staphylococcus aureus Cowan I, with a high content of protein A, was used for absorbing out IgG and leaving the majority of IgM and IgA in the samples. The method has been applied by others to rubella serology and to the diagnosis of herpes simplex infections (15, 37, 44, 45) . Immunoglobulin-binding staphylococci have also been utilized in radioimmunoassays as originally de- scribed for the determination of a-fetoprotein (22, 23) . This method has been applied to several other assays for antigens as well as for specific antibodies and also to the purification of cell surface proteins after solubilization and binding to antibodies, a technique which offers certain advantages over other methods (4-6, 8, 10, 13, 18,20,21, 25) .
In IgG-versus-IgM discrimination, as well as in more general immunoglobulin absorption techniques, there are certain limitations to the use of S. aureus Cowan I. Protein A of S. aureus will bind only IgG subclasses 1, 2, and 4, leaving specific IgG3 antibodies present unabsorbed in the serum samples (32) . Recent studies have also indicated that a minor fraction of both IgA and IgM does in fact bind to staphylococcal protein A (14, 17, 35, 42, 43) . In humans, the protein A-reactive fraction of IgA has been identified as the IgA2 subclass, and IgM2 has been proposed to designate the reactive fraction of IgM (17, 35, 42, 43) . The fact that the major fraction of IgM is left unabsorbed explains the successful use of Cowan I staphylococci in serological work. Another limitation is the inability of staphylococci to bind antibodies belonging to the IgAl subclass. A more complete immunoglobulin binding by bacteria, also IgG3 and IgA antibodies, would permit a more widespread use of bacterial absorption procedures in serological work.
Alternative bacterial particles for immunoglobulin absorption are available since the discovery of Fc binding surface structures in group A, C, and G streptococci (27) . In these first studies, a binding of IgG3 in addition to IgGl, -2, and -4 was noted, and the potential use of bacteria other than S. aureus in immunological work was pointed out. Human IgA is also taken up by many group A streptococci (7, 29) . Both IgA subclasses Al and A2 seem to bind to the reactive surface structures (E. Myhre, M. Harboe, and G. Kronvall, unpublished data) which are different from those binding IgG (7, 29) erwise stated) were added to bacterial pellets, and the bacteria were suspended using a Vortex-Genie mixer (Scientific Industries, Inc., Springfield, Mass.) and incubated at room temperature for 1 h. The suspensions were then centrifuged, and the supernatants were recovered for further analysis. Quantitation of human albumin, IgG, IgA, and IgM. The concentrations of albumin, IgG, and IgA in the serum samples subjected to bacterial absorptions were determined using the rocket electrophoretic technique (33, 34) . IgG and IgA were analyzed simultaneously using a mixed antiserum (34) . Quantitation of IgM was performed using single radial immunodiffusion (38) . A control serum sample with known concentrations of the proteins analyzed served as a reference. All antisera used were purchased from Dako A/S, Copenhagen, Denmark. Results were expressed as grams of protein per liter of the original, undiluted serum sample.
RESULTS
Bacterial absorption of serum IgG, IgA, and IgM. Diluted serum samples (200 pi, diluted 1:10) from an apparently healthy male adult, HC, were absorbed with increasing amounts of five different strains of gram-positive cocci: group A streptococcus AR1 and AW43, group G streptococcus G148 (see Table 1 ), S. aureus Cowan I, and S. epidermidis L603. The effect on concentrations of IgG, IgA, and IgM is shown in Fig. 1 (Fig. 1A, Fig.  3B ). The other absorption curves have not been corrected for this effect. The Cowan I curve (Fig.  1A) does not reach zero levels. This is expected from the known fact that IgG3 does not bind to protein A (32) . The end point of about 0.8 g/liter is reached, however, using as little as a 20-pl pellet of the bacteria (Fig. 3A) . Highly reactive streptococci have to be used in larger quantities, 50 to 100 pl, to achieve the same result.
Immunoglobulin A quantitations revealed an exceptional performance of strain AW43 ( (Fig. 1B) . In comparison with the L603 control, only a minor degree of absorption was noted. Therefore, strains AR1 and G148 are just as poor IgA-absorbing bacteria as Cowan I, in marked contrast to the AW43 strain. The essential differences of the absorbing capacities of the strains studied are demonstrated in Fig. 4 (Fig. 5) were expressed as percent remaining in the supernatants. IgG concentrations were slightly lower after absorption with ARi as compared to G148 (Fig. 5A ). This slight but significant difference in IgG-absorbing capacity might explain the slightly higher binding figure in direct uptake measurements (Table 1) , 93 tively. Regarding IgA, the strikingly high capacity of strain AW43 to bind both subclasses was confirmed in the absorption experiments (Fig.  5B) . Strains ARi and G148 were completely ineffective for IgA absorptions. Immunoglobulin M levels of the five serum samples were essentially unchanged by absorptions with the streptococcal strains used, AR1, AW43, and G148 ( Fig. 5C ).
Bacterial absorption of human serum albumin. Quantitation of human serum albumin in serum samples absorbed with the five grampositive cocci used throughout the studies was initially included for measuring the dilution of samples in the absorption procedures. The results, however, unexpectedly showed a definite binding of albumin to some of the strains (Fig.  6 to 8 showing complete depletion of IgG using strain ARI and G148, the disappearance of IgA using AW43, and the remaining protein A-negative fraction using Cowan L terial pellet (Fig. 6 and 7C) . The two group A streptococci showed significant binding but to a lesser extent; strain ARi removed somewhat more than strain AW43 (Fig. 7A and B, Fig. 8 ).
The S. epidermnidis curve reflected the dilution effect of the absorption procedure. S. aureus Cowan I was equally negative in these albumin absorption studies (Fig. 7D) .
The possibility that the heating procedure for killing the bacteria used in the experiments might induce changes favoring a nonspecific absorption of albumin was also considered. How-5 VOL. 25, 1979 A l l A1 Quantitative comparisons between absorbing capacities. The bacterial pellets required to reduce the concentrations of albumin by 25 g/liter, IgA by 0.7 g/liter, and IgG by 6 g/ liter were determined from results according to standing IgG antibodies (1, 15, 37, 45) . These particles are not capable of binding IgG3 or IgAl (17, 32, 42, 43) , and the presence of late responses of these subclasses might therefore make IgMversus-IgG and IgA discriminations difficult.
Also, the binding of IgM2 to staphylococci might cause problems (14, 17, 35 with stronger IgG-absorbing capacities, e.g. ARi In radioimmunoassays, the method used for in the present studies, might cause nonimmune the separation of free antigen from antibody-depletion of immunoglobulins in M-type specific bound antigen has to be chosen from several antiserum production. available ones, partly depending on the nature A new type of bacterial-mammalian protein of the antigen. Absorption with S. aureus Cowan interaction was discovered in the present stud-I constitutes a widely applicable separation re-ies. Human serum albumin was bound extenagent in radioimmunoassays (5, 6, 10, (20) (21) (22) (23) . sively to the group G strain G148 and to a lesser Another advantage of staphylococcal absorption extent to the group A strains, AR1 and AW43 that was recognized early is the capacity to ( Fig. 6 to 8 ). S. aureus Cowan I and S. epiderdetect antibodies present in the same sample midis L603 were completely negative. The bind- (23) . Some other applications for antibody de-ing capacity of strain G148 was equal to the IgG terminations have been made (5, 16, 30) . The binding of Cowan I, in terms of amount of prouse of bacterial absorption in antibody determi-tein per microliter of bacterial pellet. Albumin nations also requires particles with a sufficiently binding did not correlate with IgG or IgA binding broad spectrum. In this regard, streptococci and might therefore be considered to depend on might be preferable to staphylococci. Also, a set a different streptococcal surface receptor. The of absorbing particles with different immuno-exact nature of this receptor and its occurrence globulin-binding patterns, for example, AR1, among bacterial strains are not yet known. AW43, and Cowan I separately, might provide Streptococci are now known to bind several further insight into antibody responses to the human proteins. Fibrinogen-binding properties antigens studied.
have been known since 1934 (9, 24, 46; Kronvall The streptococcal strains used in the present et al., submitted for publication). IgG and IgA studies are of two different IgG Fc-binding re-binding seems to depend on separate surface ceptor types, as they have been defined earlier structures (7, 27, 29; Myhre et al., unpublished (41) . Strain ARI carries a type II receptor and data). Aggregated,82-microglobulin shows an af-G148 a type III. As far as human IgG and its finity for group A, C, and G streptococci (29, 31) . subclasses are concerned, there is no major dif-Haptoglobin can bind to some strains of strepference between type II and type III. However, tococci (26) . Albumin binding adds another type when applied to animal species other than hu-of interaction to this growing list. Also other mans, the marked differences between type II bacteria possess different types of surface recep-tors for human protein structures. Staphylococci can bind various immunoglobulins and fibrinogen (11, 19, 39) . Complement component Clq will bind to gram-negative bacteria (36) , as will aggregated IgG to lipopolysaccharide (12) . Human leukocyte antigen-containing liposomes, HLA antigens, are bound to many bacterial species (25a). Several species are also mitogenic for human B lymphocytes (3) . The presence ofthese quite specific animal-microbe interactions have to be considered in studies of parasite-host interactions. So far, they have been largely unmapped, and the number of microbe-animal interactions detected might increase considerably as this area becomes the subject of more extensive studies. As far as streptococci are concerned, their remarkable capacity to bind various serum proteins might provide a mechanism for evading recognition by the host through normal defense mechanisms. LITERATURE CITED
